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the chrome bath the pieces of cortex should be rinsed in dis-
tilled water and in a 1 per cent. solution of silver nitrate and
then placed in a bath of the latter composition for a period
varying from sixteen to twenty-four hours. Considerably
longer immersion in the silver bath usually causes no

deterioration and a 2 or  per cent. solution may be used,
but I have obtained better results by means of the stronger
bath.

Cutting and mounting.-The pieces of tissue are then to be
hardened for a few hours in 60 per cent. alcohol, dried on
blotting-paper, embedded, without soaking, in melted paraffin,
and after this has cooled cut into sections on a piece of
glass by means of Schafer’s triangular microtome, the block
and razor during this process being kept wetted with 60 per
cent. alcohol. The sections are then to be transferred in
order into methylated spirit, absolute alcohol, chloroform,
and xylol, and finally to be mounted in xylol balsam without
a coverslip.
.Development.-I have now for several months, at the sug.

gestion of Professor F. J. Allen, of Mason College, passed
my Golgi sections into water and developed and fixed them
by the method of KamUS,8 afterwards treating them as

above and mounting under a cover-slip. After proper de-
velopment, which can only be obtained by experience, the
sections do not deteriorate and usually are histologically
indistinguishable from those mounted without this treat-
ment.
In conclusion I desire to express my indebtedness to Dr.

Wiglesworth and Dr. Campbell, of the County Asylum,
Rainhill, Lancashire; to Professor Whitcombe and Dr.
Watson, of the City Asylum, Winson Green, Birmingham ;
and to Dr. Powell White, of the General Hospital, Birming-
ham, for their kindness in supplying me with the material
used in this research.
Birmingham.

THE DETECTION AND ESTIMATION OF
IRON IN A MEASURED DROP

OF BLOOD.
BY WILLIAM MACKIE, M.A., M.D. ABERD.

IN the year 1885, while I was working as a student in the
laboratory of the late Professor Carnelley in Dundee, a
method was being worked out at his suggestion by Dr. A.
Thomson,l now of the Academy, Perth, for the estimation by
calorimetry of " minute quantities of iron in the presence of
large quantities of other metals and more especially in

alloys." I had long been of opinion that this method might
prove applicable to the estimation of iron in relatively small
quantities of blood, but it is only within the last few months
that I have found opportunity to ascertain for certain that it
is so applicable. The general method is described in the
Journal of the Chemical Society for 1885, p. 493. By it,
according to Thomson, " it is possible to detect and estimate
so small a quantity as 1 part of iron in 50,000,000 parts of
water," and from repeated trials I am inclined to think he
has rather under- than over-rated the delicacy of the test.
The method depends on the well-known blood-red colour
which soluble thiocyanates strike with persalts of iron. As
the original paper may not be accessible to all readers of
THE LAXCET, and more particularly as the technique as
applied to blood differs in several important respects from
that detailed by Thomson, I had best describe the method in
detail. The following reagents and special apparatus are
required.

1. A standard solution of apersalt of i’J’on.-This is best made
by dissolving 0’1 gramme of pianoforte iron wire in a little
iron-free hydrochloric acid, oxidising with a few drops of
iron-free nitric acid, boiling for some time to drive off any
great excess of acid, then diluting to 1 litre with distilled
water; 1 c.c. of this solution contains 0’0001 gramme of
iron. This is kept as stock solution, but for use it is still
further diluted by making up 10 c.c. of this solution to
250 c.c., when 1 c.c. of the latter (or test solution) will
contain z000004 gramme of iron. A little free acid in this
solution is a desideratum rather than otherwise.

8 Zeitschrift f&uuml;r Wissenschaftliche Mikroskopie, Band ix., 1893, S. 477.
1 I find Professor T. S. Humpidge had used the method some months

before, Proceedings Royal Society, 1885, vol. xxxix., p. 3.

2. Strong 4droo7tlopie acid, free from iron, arsenic, or other
reducing substance. Thomson uses dilute acid (1 in 5), but
considering the much smaller quantities of liquid operated
on I find it more convenient to use a relatively smaller
quantity of strong acid.

3. A solution of potassium th,iocyanate, which need not be
of any particular strength, but is conveniently made by
dissolving 10 grains of the crystallised salt in 250 c.c. of
distilled water.

4. Two glass cylinders of the Nessler type to hold about from
30 to 35 c.c. and graded at every 5 c.c.

5. A shallow platinum dish. The lid of a platinum cru-
cible has been used in most of the analyses given below, but
for convenience a dish of special pattern has been made for
me by Hawksley, of Oxford-street.

6. A platinum tipped forceps to hold the platinum dish. If
an iron forceps be used the greatest care must be exercised
as an infinitesimally small flake of iron derived from the
forceps may irretrievably vitiate the whole analysis.

7. A special pipf:!tte graded to deliver 40c.rnm. of blood.
The particular number of c.mm. is immaterial if it be

exactly known, but I have found that quantity very con-
venient to operate on and the strength of the test solution
has been regulated accordingly.

8 In addition to the ordinary stock-in-trade of the chemical
laboratory, such as curettes and measuring flasks, two special
pipettes are necessary to deliver small but definite quantities
of fluid. These may be conveniently made to deliver 0’5 c.c.
and 1 c.c. respectively. 
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An analysis is made as follows : 40 c.mm. of blood are
drawn up from a finger prick in the same way and subject
to the same precautions as are laid down by Gowers for
hsemocytometry or hsemoglobinometry. The blood is then
delivered as evenly as possible over the bottom of the

platinum dish, the last adhering portions of blood being
carefully wiped from the end of the pipette against the
vertical sides of the dish, which is then seized by its handle
with the platinum-tipped forceps and held first at a distance
above the Bunsen flame till the blood is quite dry. It is then
gradually and carefully depressed into the flame and held
there till every trace of organic matter is completely burned
away and nothing but ash remains. From its viscidity
blood shows little or no tendency to spurt, so that with care
no loss need be anticipated from this source. This part of
the process, however, does require some care, but proficiency
is soon acquired, more particularly if one has had some
previous experience in micro-chemical technique. The
platinum dish is then allowed to cool, 0’5 c.c. of strong HCl is
then delivered into it by the special pipette of that capacity,
when it is again gently warmed to dissolve the iron in the
ash. Special care must be taken at this stage to see that the
acid reaches all portions of the ash. The contents are then
washed into one of the cylinders, 1 c.c. of the thiocyanate
solution added and the whole made up to about 15 c.c.
with distilled water. The thiocyanate strikes a bright
red colour with the iron and this colour is dark or faint
according to the amount of iron present. We have now to
ascertain the amount of iron which under like conditions
will give a tint of equal intensity in an equal quantity of
water in the other cylinder. To do this 5 c.c. of strong
hydrochloric acid are added to it, 1 c.c. of thiocyanate solu-
tion, and the whole made up to 10 c.c. with distilled water.
The standard iron solution is then run in from the burette
till what is considered an equal tint is obtained, the tints
being composed by looking down rather than through the
cylinders. The quantities of liquid in the two cylinders are
then equalised and any remaining deficiency of colour made
up by the cautious addition of one or more drops of the
standard solution. If the mark has been overstepped in
matching the test solution a drop or two added to the iron
solution will bring it up to the tint of the test solution and
the quantity which has thus to be added to give equal tints
subtracted from the quantity originally added to the test
solution will give the quantity for equal tints. The strength
of the solution and the quantity of blood taken have been so
adjusted that the number of c.c. run in gives the amount of
iron in grammes in 10,000 TKMM’e parts of blood ; in other
words the amount of iron that would be found to exist in
10 litres of the blood under examination. As an example,
suppose that 61 c.c. have been required to give an equal
tint with the iron in 40 c.mm. of blood. That is, 40 c.mm.
contain 0-000004 x 6-1 grammes of iron ; or 10 c.mm.
contain 0000001 x 6 1 grammes of iron ; 1 c c. (1000 c.mm.)

0-00061 gramme ; 1000 c.c. (1 litre) =0 0’61 gramme; and
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10 litres =61 grammes. An estimation from the initial
drawing of the blood to the final calculation of haemoglobin
can be accomplished with the greatest of ease in fifteen
minutes.
A considerable number of specimens of blood have been

examined by this method and in a certain proportion of these
cases the results have been checked by and compared with the
situations of haemoglobin as determined by Gowers’ hasmo-
globinometer. This test, such as it is, gives results which on
the whole have been found to vary pari passu with the iron
determinations. In a number of cases duplicate analyses
have been made by the method now described and where
this has been done the results have always closely agreed,
there being seldom a difference of more than 02 c.c., and in
a certain proportion of cases the results have been entirely
concordant. The subjoined table shows parallel in columns
the results obtained by this method and the results obtained
in the same specimens of blood by Gowers’ hemoglobino-
meter, while in another column is given the absolute percen-
tage of hemoglobin as calculated from the iron found
according to the equation 100 hemoglobin = 0’43 iron
(Hoppe Seyler).

* Highest determination. f Lowest determination.
From which hsemoglobinometer determination = iron determina-

tion x 10’85.
From which haemoglobin in absolute percentage = iron determina-

tion x 2 nearly.

From the average of these determinations it will be seen
that the amount of iron found multiplied by about 11
(10’85) gives approximately the percentage of heamoglobin as
estimated by Gowers’ hasmoglobinometer. It is natural to
suppose, however, that the relation obtained here will be found
to vary slightly for different observers, as hasmoglobinometry
does not give results sufficiently precise to be free
from the qualification of a decided personal equation. The

average of all the determinations hitherto made on what may ’,
be regarded as specimens of healthy blood, amounting in all
to 20, gives 6’1 for the iron. This would correspond to 14’2
per cent. of hemoglobin. But this, it should be remembered,
is subject to slight correction for the higher specific gravity
of blood. Taking the average specific gravity as 1’055 we
get 13 46 per cent. as the average percentage of haemoglobin
in blood weight for weight. Praeyer found 12’34 per cent.,
but at this distance I have been unable to ascertain either the
method by which the iron was estimated or the number of
analyses on which the average was taken. It is generally
supposed that the total iron in the blood exists in combina-
tion as hoemoglobin. The following results seem to bear this
out. A sample of the serum of horse blood as the average
of four closely agreeing analyses, for each of which four
times the quantity usually taken for a blood analysis was
taken, gave 0’48 gramme of iron in 10,000 parts of serum.
The same serum tested with the hasmoglobinometer required
to be diluted 4-4 times-i.e., from the 20th to the 88th
division line-to give the standard tint, from which it was
inferred that the sample contained 4’4 per cent. of hxmo-
globin-a result which conforms fairly closely to that given

,

above as subsisting between the iron and the Gowers’
determination.

I have as yet had no opportunity of applying the method to
specimens of pathological blood, but here also I think we
may reasonably hope that it will be found to bear out the
results obtained by other methods and will prove of some
clinical value. In addition to affording data for the direct
estimation of haemoglobin I am of opinion that with reliable
reagents and where skilfully carried through it will give far
more precise results than the methods of hasmoglobinometry
now in use. It must be specially insisted on, however, that
the reagents used are of the purest and the water distilled
as for a Nessler determination. Contrary to the opinion
expressed by Thomson as regards the effect of organic
matter I find that some tap-waters and even the first
collected portions of distilled water exercise a considerable
reducing action and are found to discharge in greater or less
degree the colour on which the reaction depends. This is,
perhaps, more apparent when the method is applied for its
present purpose, as the test solution is twenty-five times
more dilute and the quantities of iron operated on much
more minute than those contemplated in the original paper.

It must be evident that the method now described is
equally applicable to the estimation of iron in other organic
fluids, or starting gravimetrically that it may also be used to
determine the amount of iron in the ash of minute portions
of solid organic tissue. The special apparatus necessary
for the process were made for me by Hawksley, of Oxford.
street, W.
The application of the method to specimens of pathological

blood gave the following results :-

(1) Case of Simple Ancvmia.
Iron. Hscmoglobin by Haemoglobin

Gowers about absolute.

May 31st ... 2’8 ...... 33 per cent....... 6’5 per cent.
June 7th ... 3’2 ...... 38 11 ...... 7-5 "

June 14th ... 29 9 ....., not estimated ...... 68 8 "

June 29th ... 3’1 ...... 36 per cent....... 7’2 "

The rather irregular increase of the iron is probably due to
the fact that treatment had to be interrupted from time to
time on account of irritability of stomach.

(2) Case of Chlorosis with Valvular Disease of the Heairt.
Iron. Hsemoglobin Hoernoglobin

of Gowers. absolute.

May 30th ... 3’8 ...... 44 per cent....... 8-9 per cent.
June 14th ... 3-4 ...... 50  ...... 7’9 "

This case was not under treatment at the time.
In addition to affording data for the direct estimation of

haemoglobin I am of opinion after six months’ trial that with
reliable reagents the method now described is likely to give
far more precise and determinate results than the methods
of basmoglobinometry now in use. It must be specially
insisted, however, that the reagents used must be of the

purest and the water distilled as for a Nessler’s deter-
mination of ammonia in potable waters ; indeed, I have
every reason to think that the method will prove as exact
and determinate for the estimation of iron in blood as that
process is for the estimation of ammonia in water. Since
this method was worked out the description of a method by
Dr. Jolles, of Vienna, for the estimation of iron in blood
has come under my notice. The principle involved is the
same but the mode of application is very different. His
results, however, are very similar to those given above.
From an average of ten determinations he finds the average
percentage of haemoglobin in blood after correcting each
ietermination for specific gravity is 14’77 or considerably
higher than the average given above. His highest individual
ietermination is 17-14 per cent. after correction for specific
gravity of blood. The highest of my results is 20 per cent.,
out this is uncorrected and would possibly be about 18 per
ent. after correction. Jolles’ lowest determination in
msemia is 4’33 iron, mine 2’8 in 10,000 parts. The results,
Mwever, are likely to prove of clinical value without correc-
tion for specific gravity.

It must be evident that the method above described is
equally applicable-not so Jolles’ as at present arranged-

the estimation of iron in other organic fluids, and starting
gravimetrically that it may also be used to determine the
imount of iron in the ash of minute portions of solid organic
;issues.
The following among other results have been obtained in

ihe case of organic fluids, from 100 c.mm. to 200 c.mm. being
Ised for each’ determination :-(1) Serum (human) from
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blister and as average of six determinations gave 12 iron per I
1,000,000 parts of serum ; (2) milk (cow’s) as average of I
three determinations, 14 per 1,000.000 ; (3) a sample of I
sherry wine, 14 per 1,000,000 ; and (4) a sample of claret
highly recommended for ansemics, 32 parts iron per 1,000,000
parts of wine.

Elgin.

A CASE OF MALTA FEVER IN WHICH
THE DIAGNOSIS WAS CONFIRMED
BY AGGLUTINATION OF THE
MICROCOCCUS MELITENSIS.1

BY DR. R. KRETZ,
PROSECTOR AT THE IMPERIAL AND ROYAL EMPEROR FRANCIS JOSEPH

HOSPITAL, VIENNA.

THE clinical applications of the phenomena of agglutina-
tion undergo almost daily extension on account of the

certainty and facility of the process, and whereas the serum
reaction was originally regarded as a valuable means of

distinguishing between different micro-organisms cultures

of pathogenic bacteria are now employed as diagnostic tests
which act by producing distinctive agglutinations with the
blood serum obtained from patients. A case of this kind,
in which the agglutination reaction was made use of for the
diagnosis of an illness the clinical symptoms of which had
entirely disappeared, will be briefly described in the following
article. The patient was a young medical man in the

Emperor Francis Joseph Hospital in Vienna; he had
returned from the South in the beginning of the present
year suffering severely from fever. The clinical history of
the case, for my knowledge of which I am indebted to
information kindly supplied by the patient and by Primarius- IDocent Dr. Kovacs, presents a variety of characteristics and
an abstract of it is accordingly given.
The medical man in question spent the winter of 1896-97 in

Ajaccio as a travelling companion and about a week before his
return to Austria he fell sick in the beginning of February,
1897, with high fever, headache, and debility. There were
no shivering fits ; the remissions of the fever and the highest
points attained in the elevations of temperature, which took
place almost every evening, were irregular. The bowels
were for the most part confined. This feverish condition
was occasionally attended with rheumatic symptoms and
lasted till June. After several weeks’ stay in the hospital
a non-febrile period set in for the first time towards
the end of June and was followed in July by a slight
relapse, since which time the patient’s health has remained
good. Quinine, salicylic acid, and antipyiin had not any
effect on the fever, but somewhat large doses of phenacetin
seemed to produce subjective improvement and also to
influence the course of the temperature. The illness was
attended by emaciation and simple ansemia, symptoms which
quickly disappeared after the cessation of the fever. The
most remarkable feature of the case was the acute high fever,
which lasted four months from the beginning of February
with alternate remissions and somewhat prolonged exacerba-
tions, but nevertheless was not attended by any positive
clinical symptoms beyond enlargement of the spleen and a
moderate amount of ansemia. There was a slight relapse
which passed off without further incident and was followed s
by complete recovery. Typhus fever and malaria, which ’
suggested themselves in the first stage of the illness, could
be excluded without hesitation, neither could tuberculosis be I
admitted, for notwithstanding the long duration of the fever
there was no clinical manifestation of this disease and as
the case had terminated by complete recovery it seemed
to remain undiagnosed.
Not long ago I had the opportunity of reading R. Ben-

saude’s monograph on serum diagnosis, and his statements as
to the possibility of recognising Malta fever by this method,
as had in fact been done by Wright six months previously,
induced me to try it in the present case. A sample of
micrococcus Melitensis (Bruce), most kindly supplied from
Rral’s bacteriological laboratory, served as the test material. 2

1 Translated from the Wiener Klinische Wochenschrift, 1897, No. 49.
2 Written information stated that it was derived from a culture sent

to Kral by Professor A. E. Wright, of Netley, on May 18th, 1897.

This minute coccus, which Bruce in the year 1887 recognised
as the cause of Malta fever and obtained in pure cultivation,
produces a similar disease in the monkey ; with the serum
from a trial bleeding to which the convalescent had sub-
mitted some days before it now showed very distinct aggluti.-
nation. The reaction not only took place quite promptly,.
but proved successful without much delay when the serum
was diluted 300 times, all the micrococci being massed
together in heaps ; even when the blood was diluted 1000.
times there was a formation of isolated heaps, a result which
did not occur in a control experiment without the addition of
serum. The micrococcus Melitensis did not agglutinate with.
samples of serum derived from other sources and the serum
under examination gave next to no reaction with typhus
bacilli and other pathogenic bacteria. Having regard to-
Wright’s experiments, the very energetic action which the
serum of the case now described exercised on the micrococcus,
Mtlitensis left no doubt that the illness had been Malta.
fever ; moreover, the clinical symptoms, especially the course
of the fever, agreed perfectly with the description which
Bruce and other authors have given of this disease.
Malta fever is endemic not only in the island of Malta but

in Gibraltar, Cyprus, Crete, and on the Mediterranean coasts;.
according to recent statements based principally on the

application of serum diagnosis it is also endemic on the
shores of the Indian Ocean. It likewise seems to occur on
the coast of Dalmatia; at least, it happened four years ago
that I made a post-mortem examination of a man who
had arrived from the Brionian Islands, and although I
did not at the time succeed in making a positive diagnosis
the appearances nevertheless agreed perfectly with the

descriptions of the post-mortem appearances in Malta fever,
a disease, however, which is seldom fatal.3 The agglutina-
tion phenomena obtained with the micrococcus Melitensis
therefore constitute an accurate and easily applicable
diagnostic means of identifying cases of Malta fever as
well as of carefully studying the geographical distribution
and epidemiological relations of this interesting infectious
complaint.
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Bensaude, Le S6rodiagnostic (Les Phenomenes d’Agglutina-

tion des Microbes et ses applications &agrave; la Pathologie), Paris,
1897, Georges Cari e et Naud. Bruce, Note on the Discovery
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rencontr&eacute;e sur les bords de la Mediterranee, Annales de
l’Institut Pasteur, April, 1893. Hughes, Sllr une forme de
Fievre fi6quente sur les cotes de la Meditrrai.6e, Annales
de l’Institut Pasteur, August, 1893. Hughes, TH LANCET,
July 25th, 1896. Scheube, Die Krankheiten der warmen
Lander, Jena, 1896, G. Fischer. Wright and Semple. Employ-
ment of Dead Bacteria in Diagnosis of Typhoid and Malta.
Fever, Brit. Med. Jour., May 15th, 1897. Wright and Smith,
On the Application of the Serum Test to the Differential
Diagnosis of Typhoid and Malta Fever, Tan LANCET,
Manh 6th, 1897. Wright and Smith, On the Occurrence
of Malta Fever in India, Brit. Med. Jour., April 10th, 1897.
Synonyms for Malta Fever, according to B. Scheube : Malta.

: typhus, Mediterranean fever, Gibraltar fever, Rock fever,
Neapolitan fever, Gastric remittent fever, Bilious remittent

, fever, Gastro-bilious fever.

3 After drying a small portion of the spleen which had been preserved
in alcohol I rubbed it up with bouillon ; the fluid thus obtained, corre-
sponding to a twenty-fold dilution, gave obvious although incomplete
agglutination with the micrococcus Melitensis ; a similarly hardened
and treated spleen taken from quite a different class of case gave no
reaction, but this reaction yields the best results only when combined
with a control experiment. The spleen contained granular pigment of
a colour varying from brown to brownish-black ; there were no typhus
bacilli or malaria parasites; it could not be precisely determined on
section whether minute cocci were present or not.

HOSPITAL REFORM.-The first annual meeting
of the Hospital Reform As&ociation was held on Wednesday
afternoon at the offices of the Medical Defence Union, King
William-street, Dr. Ward Cousins presiding. Mr. Garrett
Horder read the annual report which showed that the asso-
ciation had received but indifferent pecuniary support, but
had been responsible for wide discussion of topics of the
greatest professional interest. Mr. Garrett Horder submitted
a scheme for the better administration of medical relief in
the out-patient and casualty department of the hospitals, and
after a brief discussion a committee was formed to inquire
into the practicability of the scheme. _
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